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Abstract 

In this paper, we study the branching ratios of B — > Kq (1430)£ + £~ decay, where 
Kq (1430) being the p-wave scalar meson, in the supersymmetric models. The branch- 
ing ratios are estimated when short and long distance effects are taken into account. 
It is found that the B — ► Kq (1430)^ + £~ {I = /x, r) decay is measurable at LHC. 
Measurement of these branching ratios for the semileptonic rare B — ► Kq (lA30)£ + £~ , 
in particular, at low q 2 region can give valuable information about the nature of 
interactions within Standard Model or beyond. 
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1 Introduction 



The Standard Model (SM) is in perfect agreement with all confirmed collider data, but 
requires a missing ingredient. The SM is not regarded as a full theory, since it can not 
address some issues i.e., gauge and fermion mass hierarchy, matter- antimatter asymmetry, 
number of generations, the nature of the dark matter, the unification of fundamental forces 
and so on. For these reasons, the SM can be considered as an effective theory of some 
fundamental theory at low energy. 

Supersymmetry (SUSY) is regarded as the most plausible extension of the SM in order 
to shed light on some of the issues mentioned above [1]. It is an essential ingredient 
in string theory and the most-favoured candidate for unifying the all known interactions 
including gravity. It would help stabilize the hierarchy of mass scales between mw and 
the Planck mass, by canceling the quadratic divergences in the radiative corrections to the 
mass-squared of the Higgs boson [2]. 

Two types of study can be conducted to explore supersymmetric particles (sparticles). 
In the direct search, the center of mass energy of colliding particles must be increased to 
produce SUSY particles at the TeV scale, and hence be accessible to the LHC. On the 
other hand, we can investigate SUSY effects, indirectly. The sparticles can contribute to 
the quantum loop level. As a result, flavor changing neutral current (FCNC) transition 
induced by quantum loop level can be considered as a good tool for studying the possible 
effects of sparticles (there are many studies in this regard, for the most recent studies see 
Ref. [3] and the references therein). 

The FCNC processes induced by b — > s(d) transitions provide the most sensitive and 
stringiest test for the SM at one loop level, since they are forbidden in SM at tree level 
[4,5]. Despite smallness of the branching ratios of FCNC decays, quite intriguing results 
are obtained in ongoing experiments. The inclusive B — > X s £ + £~ decay is observed in 
BaBaR [6] and Belle collaborations. These collaborations also measured exclusive modes 
B — > K£ + £~ [7-9] and B — > K*£ + £~ [10]. The experimental results on these decays are in 
a good agreement with theoretical estimations [11-13] the results of which can be used to 
constrain new physics (NP) effects. 

There is another class of rare decays induced by b — > s transition, such as B — > 
JTq 2 (1430)£ + £~ in which B meson decays into p-wave scalar meson. The decays B — > 
K^(U30)£ + £~ and B -> fT *(1430)£ + £- are studied in [14, 15]. The main problem in these 
studies is the calculation of the transition form factors. Transition form factors of these 
decays in the framework of light front quark model [16] and 3-point QCD sum rules are 
estimated in [17], [18] and [15], respectively. 

In the present work we investigate the possible effects of sparticles on the branching 
ratio of B -> K*{im)£ + £~ decay. 

The paper is organized as follows: In section 2, we calculate the decay amplitude of 
the B — > Kq(1A30)£ + £~ decay within SUSY models. Section 3 is devoted to the numerical 
analysis and discussion of the considered decay and our conclusions. 
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2 Decay amplitude of the B K^{U30)£ + £- decay in 
the SUSY models 

The exclusive B — > (1430)£ + £~ decay is described at quark level by b — > s£ + £~ transition. 
The effective Hamiltonian responsible for the 6 — > s£ + £~ transition in SUSY models (see, 
for example, Ref. [19]) is: 



G F aV tb V t * s 

Heff = 



- 2m b C 7 {m b )^sia^q u {\ + -y^bl-fl + C 0l s(l + ^)b U + C Q2 s{\ + 7s )6 ^ 



(1) 



The terms proportional to the Wilson Coefficients Cq 1 and Cq 2 come from the new 
Higgs bosons (NHB) exchange diagrams exist in supersymmetric theories. The Wilson 
coefficients CV, Cg and C±o are already exit in the SM. Cg (s) = Cg + Y(s), where 
Y(s) = Y per t(s) + Fld contains both the perturbative part Y peit (s) and long-distance part 
^ld(s) (see Ref. [11]). The explicit expressions of CV, Cg er and C w in the SM can be found 
in [4]. Yld is usually parameterized by using Breit-Wigner ansatz, 



Y 



LD 



3tt (0) m -> Pt-)m Vi 



Vi=V(ls)-V(6s) 



- g 2 - im v T Vi ' 



where ct is the fine structure constant and C (0) = 0.362. 

The phenomenological factors ae^ for the B — > K(K*)£ + £~ decay can be determined 
from the condition that they should reproduce correct branching ratio relation 

B(B -> J/^jK{K*) -> K{K*)£ + £") = B(B -> J/ipK(K*))B(J/ip -> £+£") , 

where the right-hand side is determined from experiments. Using the experimental values 
of the branching ratios for the -B — > ViK(K*) and Uj — > decays, for the lowest two 
J/^ and resonances, the factor ae takes the values: aei = 2.7, ae 2 = 3.51 (for K meson), 
and a?i = 1.65, ae 2 = 2.36 (for K* meson). The values of ae^ used for higher resonances 
are usually the average of the values obtained for the J/vp and ip' resonances. In order 
to determine the branching ratio for the B — > Kq(1A30)£ + £~ decay with the inclusion of 
long distance effects, the values of ae^ are borrowed from B — > K£ + £~ and B — > K*£ + £~ 
decays, namely, we choose ae = 1 and ae = 2 and performed numerical calculations with 
these values. 

One has to sandwich Eq. (1) between initial meson state B(p) and final meson state 
AT5(1430)(p') in order to obtain the amplitude for the B -> k{(U30)£ + £~ decay. Thus, 
the matrix elements {Kq | ( 1 — 75)! B) and {Kq |si<r MI/ g M (l + 75)! B) are needed. These 
matrix elements are parameterized in terms of the form factors as follows: 

(X*(1430)(p') |s 7 ^75&| B(p)) = f+{q 2 )V» + f^{q 2 )q, , (2) 

(K*(U30)(p') \sia^ l5 b\ B(p)) = fT f ] [V,q 2 - (m| - m 2 K M , (3) 

tub + rriK* " 
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where = (p + p% and = {p — p%. By multiplying both sides of Eq. (2) with q^ one 
can obtain the expression in terms of form factors for (_K"q(1430)(p') |s75&| B(p)). 

(K*(1430)(p') \s l5 b\ B(p)) = —lf + (q 2 )V.q + f-{q 2 )q 2 \ , (4) 

ITT-b Wis 

Using above Hamiltonian and definitions of form factors, the decay amplitude for B — > 
Kq£ + 1~ can be written as follows: 



G F aV tb V t 



ts 



A 1 P li t>ft - A 2 P fl £Yl 5 i - A 3 I l5 £ - A 4 l 



, (5) 



where 



Ai = C 9 f + + 



2m b C 7 f T 
m B + m K * 



A2 — C10/+ 

A 3 = 2C w m e f_ + 

a 



Cr 



m b - m s 

2 1 _2 



[("I + <;)/++ 9 2 /- 



Using Eqs. (l)-(5), we get the following expression for the differential decay width: 
dT GW n-r. :rf4 



dq 1 



8192m S 7r 5 



\V tb V*\ 2 v^\(l,r,s)\ -(l^l 2 + \A 2 \ 2 )(-3 + v 2 ) 



q 



- 2q\m B + m z KX ) + {m B - m 2 K *) 2 



+ 16 \A 2 \ 2 m 2 e 



q 2 - 2(m 2 B + m 2 KX ) 



Aq 2 \A 3 \ 2 + 4 |A 4 | 2 (4m 2 - g 2 ) - 6m e (A 2 A* 3 + ^A 3 )(m 2 3 - m 2 K *] 



(6) 



where s = t> = y^l — , r = m 2 K */m B , and A(l, r, s) = 1 + r 2 + s 2 — 2s — 2(1 + s). 



3 Numerical results 

In this section, we present the branching ratio for the B — > Kq(1430)£ + £~ decay for muon 
and tau leptons. The main input parameters are the form factors for which we use the 
results of three-point QCD sum rules [15]. 

The values of the form factors at q 2 = are [15] 

/+(0) = 0.31 ±0.08, 
/_(0) = -0.31 ±0.07 , 

/ T (0) = -0.26 ± 0.07 , (7) 
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where the errors are due to the variation of Borel parameters. From the sum rules expres- 
sions for the form factors it is argued that they are very sensitive to the magnitude of the 
leptonic decay constant fx* of the Kq(1430) meson [15]. 



/+(0) = 0.34 ±0.08, 
/_(0) = -0.34 ±0.07 , 
/ T (0) = -0.29 ±0.07 . 



(8) 



The best fit for the q 2 dependence of the form factors can be written in the following 
form: 



Ms) 



Mo) 



1 — GLS ± biS 2 ' 



(9) 



where i = +, — or T and s = q 2 /m 2 B . The values of the parameters /j(0), dj and bi are 
given in Table 1. 





Mo) 




h 


u 


0.31 ±0.08 


0.81 


-0.21 


f- 


-0.31 ±0.07 


0.80 


-0.36 


h 


-0.26 ±0.07 


0.41 


-0.32 



Table 1: Form factors for B — > i^Q(1430)£ + £ decay in a three-parameter fit. 

The kinematical interval of the dilepton invariant mass q 2 is Am 2 < q 2 < (m^ — mx*) 2 
in which the long distance effects (the charmonium resonances) can give substantial contri- 
bution. The dominant contribution to the B — > Kq (1430)£ + £~ decays comes from the two 
low lying resonances J/ip and ip', in the interval of 8 GeV 2 < q 2 < 14 GeV 2 . In order to 
minimize the hadronic uncertainties we discard this subinterval by dividing the kinematical 
region of q 2 for muon: 



I Am} < q 2 < {mj* - 0.02 GeV) 2 , 

II (mjj, + 0.02 GeV) 2 < q 2 < (m^ - 0.02 GeV) 2 , 

III (rrty + 0.02 GeV) 2 < q 2 < (m B - m K *) 2 . 

I Am 2 < q 2 < (m^ - 0.02 GeV) 2 , 

II (rrty + 0.02 GeV) 2 < q 2 < (m B -m K *) 2 . 

In Fig. (1) and (2) we present the dependence of the differential branching ratio for the 
B — > Kq (1430)£ + £~ where £ — /i, r decay on q 2 , as well as its dependence on q 2 due solely 



and for tau: 
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Wilson Coefficients 


C e 7 " 


Co 




SM 


-0.313 


4.334 


-4.669 


SUSY I 


+0.3756 


4.7674 


-3.7354 


SUSY II 


+0.3756 


4.7674 


-3.7354 


SUSY III 


-0.3756 


4.7674 


-3.7354 



Table 2: Wilson Coefficients in SM and different SUSY models but without NHBs contri- 
butions. 



Wilson Coefficients 




c q 2 


SM 








SUSY I 








SUSY II 


6.5(16.5) 


-6.5 (-16.5) 


SUSY III 


1.2(4.5) 


-1.2 (-4.5) 



Table 3: Wilson coefficient corresponding to NHBs contributions within SUSY I, II and III 
models [19]. The values in the bracket are for the r. 

to short distance effects (ae = case). We also use the results of Ref. [19] for the values of 
Wilson coefficients in the supersymmetric theories (Table 2 and 3). 

Taking into account the q 2 dependence of the form factors given in Eq. (9), performing 
integration over q 2 , and using the total life time tb = 1-53 x 10~ 12 s [20], we get the following 
results for the branching ratios when only short distance contribution is taken into account: 



' 1.05 x 10~ 7 SUSY I , 
2.08 x 10~ 7 SUSY II , 
1.10 x 10~ 7 SUSY III , 



B(B -> K*(U30)t + t-) = < 



' 9.54 x 10~ 10 SUSY I , 
1.25 x 10~ 8 SUSY II , 
2.69 x 10- 9 SUSY III . 



Taking long distance effects into account in the above-mentioned kinematical regions, 
we get the following branching ratios for muon: 



B[B -> K*(1430)/i + /i") 



1.05 x 10 7 region I , 
8.98 x 10~ 9 region II , for SUSY I, 
1.56 x 10~ 10 region III , 
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B(B -> K*(U30)/i + ii-) = < 



and 



B(B -> X*(1430)//V") = < 

and for tau: 

£(£ -> X*(1430)r + r-) 



1.73 x 10~ 7 region I , 
3.71 x 10~ 8 region II , for SUSY II, 
3.25 x 1(T 9 region III , 

1.08 x 10~ 7 region I , 

1.02 x 10~ 8 region II , for SUSY III. 

2.83 x 10~ 10 region III , 

5.77 x 10~ 10 region I , 

3.43 x 10- 10 region II , for SUSY I, 



B(B -> X*(1430)tV 



and 



B(B -> X*(1430)r + r- 



4.67 x 10 9 region I , 

5.84 x 10~ 9 region II , for SUSY II, 

1.21 x 10~ 9 region I , 

1.15 x 10~ 9 region II , for SUSY III. 



at f K * = 340 MeV. 

It follows from these results that the dominant contribution comes from term propor- 
tional to CV in region I (low invariant mass region), and this can be attributed to the 
existence of the factor 1/q 2 . At LHCb 10 n -10 12 pairs are expected to be produced, the ex- 
pected number of events for the B — > Kq (1430) / u + / u~ decay in the low invariant mass region 
is of the order of 10 4 -10 5 . Since, this region is sensitive to the sign of CV in the SUSY I model, 
the study of branching ratio in this region can give valuable information about the SYSY 
effects. Moreover, comparing the value of the branching ratio for the B — > Kq (1430)/i + /x~ 
decay with and without long distance effects can give valuable results to check structure 
of the effective Hamiltonian. The smallness of the value of B(B — > Kq (1430)t + t~) can 
be attributed to the small phase volume of this decay. Furthermore, SUSY models can 
enhance the branching ratio up to one order of magnitude with respect to the SM values 
for both /i and r cases. The significant discrepancy in the non-resonance regions (low q 2 
and high q 2 regions) can be studied for the effects of not only NHBs but also for NP effects. 

To sum up, we study the semileptonic rare B — > .K"q(1430)£ + £- decay in the supersym- 
metric theories. We show that the branching ratio is very sensitive to the SUSY parameters. 
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The branching ratio is enhanced up to one order of magnitude with respect to the corre- 
sponding SM values. The results of which can be used to indirect search for the SUSY 
effects in future planned experiments at LHC. 
Note added 

After this work had been completed, we noticed recent paper [21] in which B — > 
Kq(1430)£ + £~ were studied in supersymmetric theories. Their numerical analysis based 
on the light cone QCD sum rules results for the values of form factors. In our study we 
consider three-point QCD sum rules results for the values of form factors and the branching 
ratio is different from those presented in Ref. [21]. 
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Figure 1: The dependence of the dT/dq 2 on q 2 for B — > K^fi + ji . 




Figure 2: The dependence of the dT/dq 2 on q 2 for B — >■ K^t + t . 
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